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Introduction
The first edition of the Journal of the British Endodontic Society appeared in the spring of 1967 and was the first journal with a focus on Endodontology published in the English language. In 1990, the name of the Journal was changed to the International Endodontic Journal (IEJ) to reflect its global reach and impact (see: https://onlinelibrary.wi ley.com/journal/13652591). In 2017, the Journal celebrated its 50 anniversary with an editorial (Dummer 2017 ) and a special 50th anniversary virtual issue (https://onlinelibrary.wiley.com/page/jour nal/13652591/homepage/special_50th_anniversary_vir tual_issue.htm).
Today, the IEJ is a leading international forum for publications in the field of Endodontology, the branch of dental sciences dealing with health, injuries to and diseases of the pulp and periradicular region, and their relationship with systemic well-being and health. It is published monthly and strives to publish original articles of the highest quality to disseminate scientific and clinical knowledge; all manuscripts are subjected to peer review. Original scientific articles are published in the areas of biomedical science, applied materials science, bioengineering, epidemiology and social science relevant to endodontic disease and its management, and to the restoration of root filled teeth. In addition, review articles, reports of clinical cases, book reviews, summaries and abstracts of scientific meetings and news items are accepted.
Currently, the IEJ receives approximately 75 manuscripts per month and has a rejection rate of around 85%. It publishes 12 issues per year containing approximately 120 papers; since 1967 a total of 9800 articles have been published. According to the ISI Journal Citation Reports 2017 (JCR), the Journal is ranked 12 out of 91 in Dentistry, Oral Surgery & Medicine and has an impact factor of 3.015. It is evident from the metrics and citation statistics of the papers published in the IEJ that it plays a pivotal role in research within the broad field of Endodontology as well as clinical practice benefitting Endodontists, General Practitioners Scientists and students worldwide (Dummer 2017) .
Citation analysis is the area of bibliometrics that utilizes citation data to quantify the significance of research as demonstrated by the number of citations that an article secures (Moed 2009 ). In order to identify past, current, and future research flow within specific fields of study as well as to identify the contributing authors, institutions and journals, the analysis of the most frequently cited research articles is used (Hirsch 2005) . Some of the well-known citation databases include Google Scholar, Scopus, Web of Science, PubMed etc. (Kolahi & Khazaei 2016) . Prestigious publishers such as the Nature Publishing Group (https://www.nature.com/), Elsevier (https://www.el sevier.com/en-xs), PLOS (https://www.plos.org/), Wiley (https://www.wiley.com/en-us), Frontiers (https://www.frontiersin.org/) and BioMed Central (https://www.biomedcentral.com/) provide citation data for their readers (Fardi et al. 2011 , Feijoo et al. 2014 , Van Noorden et al. 2014 , Corbella et al. 2017 .
Top-cited articles and citation analyses have been reported in almost every specialty of health, for example, Dentistry (Feijoo et al. 2014) , Oncology (Tas 2014) , Maxillofacial Traumatology (Jafarzadeh et al. 2015) , Emergency Medicine (Shuaib et al. 2015a) , Cardiology (Coats 2005) , Respirology (Tam et al. 2013) , Anaesthesiology (Baltussen & Kindler 2004) , Dermatology (Stern & Arndt 1999) , General Surgery (Paladugu et al. 2002) , Neurosurgery (Ponce & Lozano 2010) , Ophthalmology (Ohba & Nakao 2010) , Orthopaedic Surgery (Lefaivre et al. 2011) , Plastic Surgery (Loonen et al. 2008) and Urology (Hennessey et al. 2009 ).
Within Dentistry (Feijoo et al. 2014 , Kolahi & Khazaei 2016 , studies on the top most-cited articles have appeared in the specialties of Orthodontics (Hui et al. 2012 , Tarazona et al. 2018 , Endodontics (Fardi et al. 2011 , Adnan & Ullah 2018 , Oral and Maxillofacial Surgery (Jafarzadeh et al. 2015 , Aslam-Pervez & Lubek 2018 , Wu et al. 2018 , Implant Dentistry (Fardi et al. 2017) , Periodontology (Corbella et al. 2017) and Oral Pathology (Gondivkar et al. 2018 , Hafeez et al. 2018 .
The aim of the present study is to identify the top 50 most-cited articles in the International Endodontic Journal and to analyse their characteristics, including the number of citations, authorship, year of publication, contributing institution, country of origin, topic as well as study design. The study is the first to analyse and quantify the top-cited articles in a specific professional journal within Dentistry so as to provide information on the contribution of the IEJ to the field of Endodontology.
Material and methods

Search strategy
Clarivate Analytics' Web of Science (All Databases), Elsevier's Scopus, PubMed and Google Scholar databases were used for the literature search on 20 December 2018. The search subject was 'International Endodontic Journal'. There was no restriction in the search regarding publication year or study design of the articles. According to all selected databases, 9800 articles were published in the IEJ since its inception in April 1967. The articles were categorized in descending order based on their number of citations. Titles and abstracts were screened, and the top 50 most-cited articles were identified. Two reviewers carried out the screening independently and reached a consensus on the list of the top 50 mostcited articles.
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Data extraction and bibliometric parameters
Article title, article total citations, article citations per year, publication year, article topic, study design, name of the corresponding author, name of the first author, name of co-author, country of origin, contributing institute and keywords of each article were documented for the top 50 most-cited articles. The Impact Factor (IF) of the Journal was also surveyed over time.
Country
The country and institute of origin were determined by the address provided for the corresponding author. If all contributing authors belonged to the same institution, then a single-institution origin was scored, irrespective of their department. 
Study design
Results
A total of 9800 articles have been published in the IEJ since 1967 according to the Web of Science and these were cross-matched with the list originated by the exact search words using Elsevier's Scopus, Google Scholar and PubMed. On the basis of the number of citations received, the top 50 most-cited articles were selected and their various characteristics analysed (Table 1) .
Citations
The top 50 most-cited articles received a total of 27 541 (Google Scholar), 12 767 (Elsevier's Scopus), 2643 (PubMed), 11 226 (Web of Science) citations. The citation range was Interestingly, 76% of the most-cited papers were published after 1999 (Fig. 1) . The top 50 most-cited articles published in the IEJ Paras Ahmad et al. The top 50 most-cited articles published in the IEJ Paras Ahmad et al. 
Year of publication
Contributing countries and institutions
Based on the address of the corresponding author, individuals from seventeen countries contributed to the top 50 most-cited articles. Amongst these, the United Kingdom had the most publications (n = 10). Brazil, Germany, Netherlands and Sweden had four publications each, followed by Iran, Malta, New Zealand and Switzerland with three publications each (Fig. 2 ). King's College London Dental Institute (UK) and Eastman Dental Hospital both in London (UK), were associated with four articles each; whereas Piracicaba Dental School, State University of Campinas, Piracicaba, Brazil; Ume a University, Sweden; University of Zurich, Switzerland; University of Otago School of Figure 1 Numbers of publications in top 50 by year of publication.
Dentistry, New Zealand; and University of Malta contributed three articles each (Table 4) .
Study design
In terms of study design, the majority of the articles were Reviews (n = 19) and Clinical Research (n = 16).
Other publications included Basic Research-Biological (n = 9), Basic Research-Technical (n = 6). No case reports appeared in the top most-cited articles.
Topic of the article
Major topics of interest in the top 50 most-cited articles were Outcome studies (n = 9), Intracanal medicaments (n = 8), Endodontic microbiology (n = 7) and Canal instrumentation (n = 7) followed by Mineral Trioxide Aggregate (MTA) (n = 6), Irrigants (n = 6), Radiology (n = 3), Endodontic leakage (n = 1), Root Canal anatomy (n = 1), Smear layer (n = 1) and Quality Guidelines for Endodontic Treatment (n = 1) ( Table 5 ).
Impact factor (IF)
In 1997, the IEJ had an IF of 0.716 and in 2017 it was 3.015 -a record high ( Fig. 3 ; Table 6 ). Despite occasional dips, the IF has increased over the years. More pronounced increases were obvious in 2003, 2007 and 2013 , which are likely to be associated with several enhancements to the Journal that occurred at those times, as well as the demise of similar publications, for example Oral Medicine, Oral Pathology, Oral Surgery, Endodontics and Oral Radiology and Endodontic Topics.
Key words
Of the 50 top-cited studies, a total of 76 unique keywords were identified. The most frequently occurring top 10 keywords and the number of times they appeared in the most-cited papers are given in Tables 6 and 7 .
Discussion
This study aimed to identify and analyse the top 50 most-cited papers published in the International Endodontic Journal since its launch in 1967. It appears 52, [803] [804] [805] [806] [807] [808] [809] [810] [811] [812] [813] [814] [815] [816] [817] [818] 2019 to be the first time such a study has focused on a specific professional journal within Dentistry. Generally, when a research article appears on the list of the most-cited articles in its respective field, it means that it has achieved a milestone (Tarazona et al. 2018) . In theory, the quality of an article is reflected by its acknowledgement within the scientific community (number of citations) and how it impacted on the understanding of a disease and/or its treatment as well as whether it resulted in new research directions (Fardi et al. 2017) . Thus, when an article appears on the list of the top 50 most-cited articles in a specific journal, it demonstrates that the international scientific and clinical communities recognized both the article and the journal as having made a substantial contribution to the specialty. Thus, the results of the present study not only provide a historical perspective on scientific advancements within Endodontology but they also reveal key trends in research and clinical practice (Fardi et al. 2011) . The top 50 most-cited articles were cited between 130 and 575 times when the evaluation was carried out using the Web of Science 'All Databases'. This database was used as a benchmark because it measures citations in scientific papers over a broad time span between 1950 and the present. All databases of the Clarivate Analytics' Web of Science contain: Web of Science Core Collection, Zoological Record, SciELO Citation Index, KCI-Korean Journal Database, Data Citation Index, Current Content Connect BIOSIS Preview, Biosis Citation Index, Russian Science Citation Index, and Biological Abstract (Jafarzadeh et al. 2015) . A variation in the number of citations per article was apparent when other databases were interrogated, for example, the citation count varied between 199-and 1354-times using Google Scholar, between 3 and 123 using PubMed Central, and between 164 and 656 using Elsevier's Scopus. This variation in the results from different databases emphasizes the importance of selecting the appropriate database in Scientometry, which will depend on the specific requirements of the investigator. One explanation for this variation in the number of citations is that Scopus only measures citations from 1996, which is a major drawback when determining the most-cited articles. However, Scopus is planning to overcome this deficiency in the near future by counting citations earlier than 1996. Google Scholar contains in its list of citations dissertations, books, conference papers, preprints and technical reports, which can impact on the measurement of the top citations when the focus is on scientific papers in journals (Jafarzadeh et al. 2015) .
A research article having more than 400 citations is considered by some to be a 'classic' publication (Fardi et al. 2011) , however, depending upon the field of research, a publication having 100 or more citations can also be regarded as a 'classic' (Andersen The top 50 most-cited articles published in the IEJ Paras Ahmad et al. et al. 2006 , Heldwein et al. 2010 , Feijoo et al. 2014 , Gondivkar et al. 2018 ). In the current study, all the top 50 most-cited articles have well over 100 citations and they can be regarded as 'classic' articles, particularly in the relatively small field of Endodontology. The 50th position in the ranking list is occupied by an article having 164 citations (Kirkevang et al. 2000) , which means that some so-called 'classic' articles were excluded from the list.
The citation count does not indicate the scientific value of an article, but it does represent its impact in the advancement of the respective research/clinical Table 4 List of institutions that contributed to the top 50 most-cited articles
Rank Institutions
Numbers of publications area and the number of researchers associated with that particular field. Thus, articles related to Cardiology (331-3484) (Shuaib et al. 2015a,b) and Respirology (615-2918) (Tam et al. 2013 ) are more frequently cited as compared to papers within Dentistry (326-2050) (Feijoo et al. 2014) , although all three fields have similar scientific significance. In Dentistry, the citation range of published research articles related to Oral and Maxillofacial Surgery (148-2824) (Aslam-Pervez & Lubek 2018), Implant Dentistry (199-2229) (Fardi et al. 2017) , Periodontology (286-2307) (Corbella et al. 2017) and Orthodontics (115-848) (Tarazona et al. 2018 ) are higher than Endodontology (87-554) (Fardi et al. 2011) , which probably reflects the more recent development of high quality research in Endodontology and the limited number of faculty within dental schools that have a focus in the specialty. Year of publication has a definite effect on the number of citations an article would receive. It is almost impossible to evaluate the true influence of a study adequately for at least twenty years post-publication (Baltussen & Kindler 2004 , Feijoo et al. 2014 . It is obvious that older papers usually receive more citations as compared to recent articles, irrespective of their impact (Ugolini et al. 2012 ). This trend is also noticed in other medical specialties (Lefaivre et al. 2011) . According to Kuhnian philosophy (Lefaivre Figure 3 Impact factor over time.
The top 50 most-cited articles published in the IEJ Paras Ahmad et al. et al. 2011) , there is a propensity for adherence to a pattern in a scientific community, which can lead to a 'snowball effect' with citations, as authors prefer to refer to an article that is already cited frequently instead of re-evaluating its quality and relevance (Lareau et al. 2015) . The distinguishing characteristic of the current study is that 76% (38) Table 1 is occupied by an article that was published in 2012 (B€ urklein et al. 2012) , which has been cited 182 times in only 6 years. This emphasizes the impact of the subject of the article, its quality and its relevance to research and clinical practice. The articles published after 2012 also received a reasonable number of citations, but it is too early to anticipate whether these studies will get more citations as time passes. Several authors, such as Pitt-Ford TR, Ferraz CCR, Mann V, Souza-Filho-FJ and Teixeira-FB were associated with the most-cited articles but interestingly, none of them was listed as the first author. Hence, they can be regarded as important individuals in the field of endodontic research with a supervisory/mentorship role to guide the other authors who appeared before them in the list of authors.
Overall, 46% of the papers were written by one or two authors. An interesting finding was that a private dental practitioner was included in the top 50 (Ricucci in Ricucci & Langeland 1998) , which is a positive aspect because they have access to a rich source of clinical material and also may encounter unique cases periodically.
The most prominent institutions associated with the top 50 articles included King's College London Dental Institute (UK) and Eastman Dental Hospital, London, (UK), each producing four top-cited articles. Even though the United States is the leading country for medical research publications, in the current study, the United Kingdom was more prominent, which may be linked to the background of the IEJ and its launch in 1967 by the British Endodontic Society. This more European focus may also explain why 28 of the top most papers were produced by European countries followed by the US (n = 9) and. Scandinavian countries, despite having small populations, have a tradition of publishing high quality research activity in the field of Endodontology. For example, 4 out of the 5 top 50 most-cited articles were produced by Sweden.
The hierarchy of research study designs suggests that the highest quality of evidence is provided by Meta-analyses, Systematic reviews and Randomized Controlled Trials whereas case reports and expert opinions provide the lowest quality of research evidence (De la Flor-Mart ınez et al. 2016) . A distinctive feature of this study was that it included only one Randomized Controlled Trial (Nair et al. 2008) and two Systematic reviews (Ng et al. 2007 (Ng et al. , 2008 . Several reasons can explain the low number of Randomized Controlled Trials, including their cost and the inevitable time needed to complete them. Moreover, gathering of sufficient experimental subjects and controls is difficult. Lastly, insufficient time has passed since the publication of several more recent Randomized Controlled Trials, so they have not yet received a substantial numbers of citations. Hence, it is crucial for a journal to accept those articles that provide the highest level of research evidence, which are not only helpful for the readers but also provide answers to interventional or clinical questions. In spite of being lower in the hierarchy of research evidence, 19 review articles were in the top 50 most-cited article. The inclusion of this large number of reviews indicates that the inclination of many researchers is to compile the existing information and knowledge in the field of Endodontics for the benefits of readers.
In the current study, there is a trend for research papers with a clinical content to outnumber those documenting basic research. This trend has already been gaining momentum in the fields of General Surgery (Shuaib et al. 2015b) , Anaesthesia (De la FlorMart ınez et al. 2016) and Orthopaedic Surgery (Azer 2015) . Within the field of Dentistry (Feijoo et al. 2014) , clinical research has dominated in almost every specialty including Endodontology (Fardi et al. 2011) , Implantology (Fardi et al. 2017) , Orthodontics (Hui et al. 2012 , Tarazona et al. 2018 and Periodontology (Corbella et al. 2017) .
Keywords are an important component of a research article. Using keywords to search the literature always retrieves more results than when using phrases or sentences. They act as 'keys' for unlocking the required scientific research papers (Natarajan et al. 2010) . Therefore, it is necessary to select and include keywords which can easily search and recognize pertinent references whilst screening-out the vast body of unwanted material (Asghari & Navimipour 2018) . The top 3 most frequently used keywords were Endodontics, Mineral Trioxide Aggregate (MTA) and Root Canal Treatment, each of which were used in seven articles. However, there were four papers for which no keywords were available (Moorer & Wesselink 1982 , Bystr€ om & Sunvqvist 1985 , Foreman & Barnes 1990 , Sj€ ogren et al. 1991 . The purpose of identifying the most frequently used keywords was to assist and guide researchers in looking for published papers relevant to Endodontology when using different search engines.
The impact factor of a journal is widely regarded as a measure of its scientific significance and the number of citations and the impact factor is directly proportional to each other. A high impact factor means that greater numbers of citations were received by the journal (Corbella et al. 2017) . It is well known that authors who are specialist in their respective research field are more inclined to submit articles to journals having a high impact factor. Likewise, such journals tend to attract high quality research articles. However, the impact factor is a controversial metric and there are several high-quality journals which have criticized the impact factor as the measure of the quality of research (Hansson 1995 , Hecht et al. 1998 , Moed et al. 1999 , Kurmis 2003 , Saha et al. 2003 . A distinctive feature of the IEJ is that in spite of occasional dips, its impact factor has been rising steadily. In general, you would assume this to be a symbol of a healthy journal in its respective research area. However, before drawing such a conclusion it would be necessary to scrutinize the impact factor further and amongst other things look at areas such as citations patterns and self-citation rates. It would also be beneficial to look at the way the various contributions to the journal are organized within the journal and how they are categorized by Clarivate Analytics as this potentially will be affecting the denominator of the impact factor calculation.
The limitations of this study are important to recognize. First, the most recently published research articles are at a disadvantage due to the effect of time, regardless of their quality and content. Second, as indicated by the title the aim was to analyse the top 50 mostcited articles, so it became mandatory to exclude several 'classic' articles from the top 50 most-cited articles. For example, a clinical paper titled: 'Radiographic evaluation of the prevalence and technical quality of root canal treatment in a French subpopulation' (Boucher et al. 2002) has received 128 citations. Similarly, a review article, 'Dens invaginatus: Aetiology, classification, prevalence, diagnosis, and treatment considerations' (H€ ulsmann 1997) has been cited 126 times. Another example of a 'classic' article that had to be excluded was 'Shaping ability of ProFile .04 Taper Series 29 rotary nickel-titanium instruments in stimulated root canals. Part1' (Thompson & Dummer 1997 ) that has received 125 citations.
Conclusion
The analysis of the top 50 most-cited articles in the International Endodontic Journal revealed that age of publication was not related statistically to the citation count. Despite substantial improvements in the The top 50 most-cited articles published in the IEJ Paras Ahmad et al.
quality of research within Endodontology in recent decades, only one Level 1 study (Nair et al. 2008) was included amongst the most-cited articles. Although most citations within Endodontology in the future may include manuscripts describing RCTs and meta-analyses, at the present time this has not yet been a crucial determinant of citations in the IEJ.
